The stereoselective pyrolytic conversion of the 2-(2,3,4,6-tetra-O-acetyl-β-D-N-glucopyranosyl)-1,2,4-triazole-3(4H)-thiones to the respective 5,2'-anhydro-β-D-mannopyranosides in moderate to good yields is described.
Introduction
Much attention has been directed to the synthesis of 2,2'-and 2,3'-anhydronucleosides owing to their ready attack by nucleophiles at the C-2' or C-3' positions, affording modified nucleoside derivatives with anti-AIDS activity. 1 The reported method for the synthesis of 2,2'-anhydronucleosides involved treating 1-(3',5'-O-isopropylidene-2'-O-methanesulfonyl-β-Dxylofuranosyl)-thymine with sodium hydroxide in refluxing ethanol to afford the corresponding 2,2'-anhydronucleoside. 2 Recently, 1d,f,g,3-5 the action of bases (NaHCO 3 /DMF, PhCOONa or DBU) on the appropriate 2'-O-phenyloxycarbonyl or 2'-O-methanesulfonyl derivatives of nucleosides have been used to promote intramolecular cyclization. Additionally, heating 2'-deoxy-2'-iodo-nucleosides in DMF with di-n-butyl-tin oxide gave the corresponding anhydronucleosides. 6 2,2'-Anhydrothionucleosides have also been investigated and some synthetic methods have been reported. 7a,b Moreover, a method has been reported for the synthesis of arabino-6-aza-2-thio-2,2'-anhydrouridine. 8 The chemistry and diverse applications of heterocyclic glycosyl derivatives have received much attention, owing to their pronounced biological activities. Recently 9 we reported a simple 
Scheme 1
During our kinetic studies of the pyrolysis of the 2-glucosyl-4-arylideneamino-3-thioxo-2,3-dihydro-1,2,4-triazin-4(5H)-ones, 1, we found that heating 1 at a temperature above 220 o C led to the formation of the expected N-glucosyl derivatives 2 in addition to a new derivative which was identified as the 3,2'-anhydro-2(3,4,6-tri-O-acetyl-β-D-mannosyl)-3-mercapto-1,2,4-triazin-5(2H)-one, 3. The yield of the latter was optimized at 255-280 o C (depending on the Rsubstituents). 14 These findings point to an interesting novel facile pyrolytic synthetic access to anhydroglycosyl derivatives. This gas-phase pyrolytic approach has also been extended to the synthesis of 3,2'-anhydro-β-D-talosyl, 5, and 3,2'-anhydro-β-D-arabinosyl, 7, derivatives of 3-mercapto-1,2,4-triazin-5(2H)-ones (Scheme 2). 
Scheme 2
It is believed that the anhydronucleosides are formed via intramolecular S N 2 attack (5-exotet) of the sulfur on to the C-2' of the glycosyl moiety to eliminate the acetate (CH 3 COO -) in the form of acetic acid (Scheme 3). 
Results and Discussion
In the present work we extended our study to the synthesis of the thio-anhydroglycosyls of 1,2,4-triazole derivatives, 12. Scheme 4 illustrates our synthetic strategy towards the starting precursor 2-glycosyl-1,2,4-triazole derivatives, 11. Thus, glycosylation of 4-arylideneamino-1,2,4-triazole-2H-3-thiones, 8, with acetobromoglucose in the presence of NaH in acetonitrile gave a mixture of the corresponding N-and S-glycosyl derivatives 9 and 10, respectively which were separated by fractional crystallization. 12 Pyrolysis of either of 9 and/or 10 at 200 o C led to the elimination of benzonitrile derivatives and yielded the same 2-glycosyl-4-H-1,2,4-triazole-2H-thione derivatives, 11. When the obtained mixture of 9 and 10 was heated, also, the same products 11 were obtained at 200 o C. Thus, a separation step is not required.
After several trials the synthesis of anhydrothioglycosyls of 1,2,4-triazoles 12 was achieved upon pyrolyzing the immediate precursors 11 and the yield of the latter was optimized upon heating at 270-280 o C. The formation of the products and the disappearance of the starting materials were confirmed by LCMS. Direct conversion of each of 9 and 10 to the corresponding anhydro derivatives 12 has also been achieved by heating at 280 o C in the static pyrolyzer. 
Scheme 4
The structure of the glycosyl derivatives 9-11 and their corresponding anhydro derivatives, 12, was established based on their MS, LCMS, and NMR data. Table 1 shows the 1 H-NMR chemical shifts of the anomeric H of the N-glycosides, 9, 11, the S-glycosides 10, and the anhydro derivatives, 12, obtained in the present study. The structures of the anhydro-mannosyl derivatives 12 were determined from the 1 H-NMR data of the anomeric hydrogen. Thus, whereas the anomeric protons of β-N-glycosides 9, 11 appear at high frequencies, δ = 6.01-6.34 with large J values (J = 9.0-9.6 Hz), the anhydro products 12 have anomeric proton signals that are shifted to lower frequencies, δ = 5.88-5.91, with small coupling constants (J = 3.6 Hz) ( Table  1 , Experimental Section). This shielding is attributed to the removal of the acetoxy group with its inductive and anisotropic effect. The change of the coupling constant depends on the dihedral angle, which is large (1,2-axial, axial) in 9-11, and small (1,2-axial, equatorial) in 12. 
Conclusions
The present study successfully extends our recently reported pyrolytic synthesis of anhydrothioglycosyls to the 1,2,4-triazole derivatives. The results obtained are promising and encourage us to continue further work to convert other glycosyl derivatives into their anhydroglycosyl derivatives, which will be valuable starting materials for the synthesis of new potential biologically active glycosyl derivatives.
Experimental Section
General Procedures. All melting points are uncorrected. IR spectra were recorded in KBr disks on a Perkin-Elmer System 2000 FT-IR spectrophotometer. 1 H-and 13 C-NMR spectra were recorded on Bruker DPX 400, 400 MHz, Avance II 600, 600 MHz, super-conducting NMR spectrometers. Mass spectra were measured on VG Autospec-Q (high resolution, high performance, tri-sector GC/MS/MS) and with LCMS using an Agilent 1100 series LC/MSD with an API-ES/APCI ionization mode. Microanalyses were performed on a LECO CH NS-932 Elemental Analyzer. Separation of reaction products was performed using a preparative HPLC, WATERS PREP 4000 series with PDA detector WATERS 2996. Compounds 9a,e, 10a, 11a,d,e were prepared as reported.
12
Synthesis of glycosyl derivatives 9 and 10. General procedure To a mixture of each of 8a-e (10 mmol), in dry acetonitrile (50 mL), and NaH (12 mmol) after stirring together under nitrogen for 30 min was added acetobromoglucose (12 mmol). The reaction mixture was then stirred overnight at RT. The solvent was then removed in vacuo and ice water (50 mL) was added. The product was collected and washed several times with water. Upon crystallization from ethanol compounds 9 crystallized out first, and upon concentration of the mother liquor compounds 10 crystallized out. The latter were recrystallized from ethanol to give pure 10. 5-p-chlorophenyl-2-(2,3,4,6-tetra-O-acetyl-β-D-N-glucopyranosyl) 5-p-Chlorophenyl-2-(2,3,4,6-tetra-O-acetyl-β-D-N-glucopyranosyl)-1,2,4-triazole-3(4H)-thione (11b) . Colorless crystals from ethanol, yield 80% (from 9b) and 75% (from 10b) using procedure A, 75% (from a mixture of 9b, and 10b) using procedure B, mp. 
4-Benzylideneamino

4-Benzylidene-amino-5-p-methoxyphenyl-2-(2,3,4,6-tetra-O-acetyl-β-D-N-glucopyranosyl)-1,2,4-triazole-3(4H)-thione (9c
5-Benzyl-4-benzylidene-amino-2-(2,3,4,6-tetra-O-acetyl-β-D-N-glucopyranosyl)-1,2,4-triazole-3(4H)-thione (9d
